Determination of magnesium in mononuclear blood cells may provide useful information about intracellular magnesium. Mononuclear blood cell preparations are frequently contaminated with granulocytes. We determined the normal reference interval for magnesium content and concentration of granulocytes and compared it with magnesium in mononuclear blood cells. The mean granulocyte magnesium concentration and content were 6.95 (SD 1.25) mmol/L and 3.11 (SD 0.54)fmol per cell, respectively, vs 10.95 (SD 1.70) mmol/L and 3.27 (SD 0.46) fmol per cell in mononuclear cells. The concentration of magnesium in granulocytes was significantly less (P <0.001) than in mononuclear blood cells, but the magnesium contents were not significantly different.
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Magnesium has been measured in mononuclear blood cells to assess magnesium status associated with several disease entities (1-B) , and this measurement may better indicate intracellular magnesium, total body magnesium, or both, than does determination of magnesium in serum or erythrocytes.
Mononuclear blood cells isolated from whole blood have a concentration of magnesium second only to that in bone (9) . Mononuclear blood cell preparations are occasionally contaminated with granulocytes, typically five per 100 cells or fewer. Greater contamination with granulocytes (as high as 15 per 100 cells) may be found in certain clinical states such as pregnancy and labor (8) . This variability of the cellular composition of the lysatemay affect theresult. In this study, we simultaneously determined the magnesium content and concentration of granulocytes and mononuclear blood cells as a potential index for assessing magnesium status and evaluated the effect of granulocyte contamination on the result for mononuclear blood cell magnesium. 
Materials and Methods

Apparatus
Volunteers
Heparinized whole blood (20 mL) from 20 normal volunteers (14 women and six men) was used in analyses for magnesium in plasma, erythrocytes, mononuclear blood cells, and granulocytes. Ages of the volunteers ranged from 20 to 75 years (mean 37.9, SD 12.1).
Procedure
We mixed each of triplicate 5-mL aliquots of heparinized whole blood with 4.0 mL of BSG containing bovine albumin (10 g/L)and centrifuged at 700 x g for 3 mm. We removed and discarded the top 1 mL of each sample, replaced this with 1 mL of new BSG-albumin solution, then mixed and centrifuged as before. We repeated this process twice to ensure as complete as possible removal of platelets. After the final centrifugation, we removed 4 mL of the supernate, leaving three 5-mL aliquots (the original volume) of platelet-poor blood. After diluting the platelet-poor blood with an equal volume of isotonic saline, we centrifuged (700 x g, 30 mm, 20#{176}C) this with a double-layer discontinuous gradient of Histopaque 1077/1119. We pooled the mononuclear blood cells and granulocytes separately and washed by centrifugation at 400 x g and 700 x g, respectively, for 10 mm with a 1O-mL wash volume of BSG (without albumin). We removed the entire supernate, and evenly resuspended each set of cells in 10 mL of new BSG by gentle mixing. We determined the volume and number of cells in the suspensions before determining magnesium. For indirect magnesium analysis in erythrocytes, we used 1.5 mL of whole blood diluted with 3.5 mL of triply distilled water, and analyzed with an atomic absorption spectrometer (10) . The remaining whole blood was used to determine hematocrit (by centrifugation) and the concentration of magnesium in plasma (11) .
We determined the cell count and measured total cell volume and used this information in calculating the denominator for cellular magnesium in units of content and concentration, respectively, as follows. After separating and washing the two cell populations, we diluted the two 10-mL cell suspensions 100-fold in Hematall diluent and analyzed. We used a 76-sm aperture and the 250-L volumetric section on the Elzone 80 XY particle analyzer; set the lower threshold of the particle analyzer at 16, the upper threshold at 100, the current at 1.5, and the gain at 2.5; used a log 8 scale in collecting the data; and made three cell counts averaging 10.9 s each, using the mean value to calculate the cell count per milliliter. After standardizing the 120-channel 80 XY particle analyzer with 10.25-smdiameter latex spheres (supplied by the manufacturer) under the same instrumental conditions as above, we measured total volume and cell count for 60 s in 1364 L from each of the 100-fold-diluted cell suspensions. The
Elzone 80 XY particle analyzer software automatically scales down all volume data acquired in each channel by using a scaling factor, so our volume measurement (12) . Lysate DNA concentration was measured by fluorometry (13) .
Statistics
Results were expressed as mean ± SD. Coefficient of variation, classical correlation, paired sample t-test, and debiased regression (14) were used to analyze the data. correlations for Mg were found between plasma, erythrocytes, or granulocytes. Table 2 gives the distribution of cell types in the mononuclear blood cell and granulocyte harvests. 
Results
Discussion
Increased granulocyte contamination of the cell lysate used in determining the mononuclear blood cell magnesium may effect a decrease in the magnesium concentration result. In this study we found that the magnesium concentration in granulocytes from normal volunteersis -35% less than in mononuclear blood cells. Thus variability in granulocyte contamination will influence the variability of the mononuclear blood cell concentration, potentially resulting in erroneous comparisons and difficulty in identifying statistically different results. This means that a differential cell count of the cells in the lysate is required to ensure accurate interpretation of the result for magnesium concentration.
On the other hand, granulocytes and mononuclear blood cells do not seem to differ significantly in magnesium content per cell in normal individuals.
The increased cell volume of the granulocyte compared with that of the lymphocyte (which accounts for -80% of mononuclear blood cells) compensates for the decrease in magnesium concentration, and yields similar values for magnesium content of granulocytes and mononuclear blood cells. We isolated granulocytes from normal healthy volunteers at a density of 1.119 kg/L, so our results probably reflect only the magnesium in non-marginated, The magnesium value for mononuclear blood cells is being evaluated to assess magnesium status in some diseases. The large reference interval for mononuclear blood cell magnesium is probably related to a greater interindividual than intra-individual variability (9, 19) . Individuals exhibit large variations in the absolute number of different cell types in peripheral blood. This interindividual variability is seen also in the cells harvested from the gradient separation of whole blood. Furthermore, methodologies for cellular analysis require two analytical measurements for expressing the result, i.e., the magnesium assay and the determination of cell number (or volume, or weight, etc). Variations of these measurements will be additive and produce greater imprecision for cellular analysis than for measurement of fluids.
Is granulocyte magnesium a better indicator than mononuclear blood cell magnesium for intracellular magnesium or total body magnesium status? We speculate that the following unique properties of the granulocyte add to the variability already seen for the mononuclear blood cell assay and limit the usefulness of the former to assess cellular magnesium status: short half-life and the compartmentalization of magnesium within the granulocyte. The half-life of the granulocyte is -7 h, with demise being dependent upon chance destruction rather than age (20).
Magnesium is located in four subcellular components of the granulocyte: cytosol, plasma membrane, specific granules, and azurophilgranules (17) . The latter three subfractions have been isolated at model densities of 1.12, 1.19, and 1.24 kg/L, respectively (17) . The granulocyteswe harvested from normal individuals showed a normal amount of granules on cytocentrifuge preparations, indicating that the total number of magnesium compartments was present and intact. If a patient has an inflammatory process, however, granulocytes are pulled from a marginated pool into the circulation. Specific and azurophilic granules containing magnesium may be lost from granulocytes under these circumstances, resulting in loss of both magnesium and density during the degranulation. Thus degranulated granulocytes now having a decreased buoyant density near 1.077 kg/L may contaminate the mononuclear blood cell layer.
In contrast, earlier studies with nuclear microprobe techniques measuring granulocyte magnesium in chronic inflammatory conditions such as ankylosing spondylitis, rheumatoid arthritis, scleroderma, and other inflammatory connective tissue diseases (which would produce more marginated, degranulated cells) showed that the magnesium concentration is higher in the chronically stimulated granulocyte (16, 21) . This finding may be due to a shift toward a younger cell population rather than shifts in marginated cells: in rats the magnesium concentration of erythrocytes is inversely related to the age of the cell (22) . The short half-life, the loss of magnesium compartments from the cell during degranulation, and the shift of granulocytes from the marginated pool all suggest that variability of magnesium in granulocytes is greater than that in mononuclear blood cells. Thus, if the magnesium in certain leukocytes is related to intracellular/total body magnesium status, mononuclear blood cells would seem to be more likely than granulocytes to show this relationship.
